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Verification apparatus (32), for verifying the location of an object (22) in 
a patient's body (20), the apparatus having learn and test modes and including a 
receiver (76), which receives signals from the object responsive to the location 
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POSITION CONFTRMATION WITH LEARN AND TEST FL|N.C,I.rQNS 
FIELD OF THE INVENTION 

The present invemion reiates generaiiy to the field of intrabody tubes, i.e., tubes used 
inteniaiiy in the medical care of patients, and specifically to location confirmation of medical 
tubes within a human body. 

BACKGROUND OF THE INVENTION 

In many instances medical tubes are inserted into a patient's body for shon-term or long- 
term infusion of medicine, biood products, nutrition or other fluids. Such tubes are inserted, for 
example, into tiie p,atient'.s venous, arterial or digestive system Sometimes it is important to 
insert, the medicine or other fluid into a paaicuiar point in she patient's body. For example, in 
cancer chemotherapy and antibiotic therapy, an outlet of the tube infusing the medicine must be 
positioned in an area of high volume blood flow. As another example, patients who cannot eat 
on their own have a feeding tube inserted through their nose or mouth into their stomach. A 
feeding solution is inserted into the patient's stomach through an end of the feeding tube outside 
of the patient's body The feeding solution naturally must be inserted into the stomach and not 
into other areas of the body. Other intrabody tubes include dilating tubes to widen esophageal 
stricture, colonic decompression tubes and urologica! tubes. 

In many cases, ar^ intrabody tube is used periodically over a long period of time. 
Therefore, to avoid the need to repeatedly insert new tubes, the tube is left within the patient's 
body, This is especially important when the patient is m home care, where there is nobody who 
can insert the tube. Home care of patients is a widespread and growing field, mainly due to the 
rising cost of hospital fees and the lengthening of care periods 

Generally, there is no simple method of keeping an intrabody tube fixed in place, and the 
tubes do not always remain in their original place. The outlet of the tube may drift out of place 
within the patient's body. Using the tube when its outlet is not in its proper place may cause 
serious damage. For example, the tip of a feeding tube may curi up and drift to the patient's 
lungs. Inserting a feeding solution through the tube in such a case could cause the death of the 
patient. Likewise, a chemotherapy infusion tube must be placed m a suitable location with a large 
stream of biood, such as the superior vena-cava in the heart. Otherw,'isc, the medicine may 
damage the lining of the vascular system It has been found that of patients who receive medicine 
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in their hearts through infusion tubes, a significant portion suffer from compiications due to 
unnoticed drift of the infusion tube. 

There are other cases in which it is desired to follow up on the location of objects, other 
than tubes, within a patient's body For example, it may be desired to follow up on the location 

5 of a screw, staple, electrode, shunt or any other object implanted in a patient's body. A specific 
example involves a Murphy button, which is used to connect a torn part of the intestine. The 
Murphy button is implanted in the intestine, and should remain in place until the intestine heals. 
After the intestine heals, the Murphy button should drift along the intestine out of the patient's 
body. Medical staff usually follow up on the movements of the button in case it gets stuck within 
10 the patient. 

Various methods of confirming the location of medical tubes have been shown in the art. 
X-ray imaging is the most commonly used location confirmation system. Position determining 
systems can also be used for this purpose. 

U.S. Patent 5,425,382, whose disclosure i.s incorpomted herein by reference, describes 
15 apparatus and mcEhod for locating a medical tube. The tube is located using a detection 
apparatus which senses the static magnetic field strength gradient of a magnet a-ssociated with 
the tube. The user locates the tube according to the gradient magnitude at points along the 
patient's body. 

Another method is disclosed in U.S. Patents 5,099,845 and 5,325,873, whose disclosures 
2 0 are incorporated herein by reference, wherein a radiating resonant element is associated with the 

tube. Apparatus is provided to indicate the distance from the apparatus to the tube, according to 
the radiation levels at different points, whereby the position of the tube is determined. 

Another type of position-sensing apparatus is described in U.S. Patents 4,905,698 and 
5,425,367, whose disclosures are incorporated herein by reference. Such apparatus generates 
2 5 AC currents which induce an electromagnetic fseld, which in turn induces currents within a coil 
at the tip of a catheter. According to these currents, the relative location of the catheter is 
determined. 

The use of the above described apparatus is time consuming and therefore complicates 
the use of intrabody tubes. Also, to operate such apparatus, a certain level of skill and experience 
30 is required. Therefore, such apparatus needs to be operated by clinical staff, and is not fit for 
widespread home care use. 
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SUMMARY OF THE INVENTION 
It is an object of some aspects of the present invention to provide simple verification 
devices and methods for confirmation of intrabody tube location, which can be operated by 
nonprofessionals. 

It is an object of some aspects of the present invention to provide simple verification 
devices and methods for quick confirmation of intrabody tube location 

It is an object of some aspects of the present invention to provide a verification device 
for automatic confirmation of intrabody tube location. 

it is a fiinher object of some aspects of the present invention to provide verification 
devices for confirmation of intrabody tube location which prevent use of the tube unless it has 
been confirmed that the tube is properly located. 

Another object of some aspects of the present invention is to allow simple follow-up of 
the movements of an object within a human body. 

Israel patent application number 119262, filed on 17 September 1996, and PCT patent 
application PCT/IL97/00058, filed 14 February 1997, which are assigned to the assignee of the 
present invention and whose disclcsures are incorporated herein by reference, disclose methods 
of determining whether a chemotherapy tube has remained in its original position. 

in some preferred ej-nbodiments of the present invention, a verification device outside the 
body of a patient is used to confirm the location of a medical tube's outlet inside the body 
Preferably, the verification device operates in two modes, a learn mode, which records the 
correct location of the tube's outlet, and a test mode, which confirms, at later times, that the 
outlet remains in the correct location. Preferably, in the learn mode, the verification device 
measures and records one or more parameter values, forming a parameter vector, which 
characterize the location of the tube's outlet relative to the verification device. In the test mode, 
the device confirms thai the values of the parameter vector d;d not change significantly feiative 
to the recorded values, i.e., the tested values are within an allowed range of the recorded values. 

The allowed range is necessary in order to minimize false alarms due to inaccuracy in the 
measurement or slight movements of the outlet of the tube which are insignificant Preferably, 
the allowed range is defined such that proper location of the outlet is not confirmed when the 
outlet is in a dangerous position. The allowed range corresponds generally to areas in the 
patient's body where the tube may safely be used and/or areas regarding which there is 
substantially no risk that harm could be caused to the patient. 
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In some preferred embodiments of the present invention, a sensor is fixed to the medical 
tube, preferably, near the tube's outlet. The sensor enables the verification device to determine 
the one or more parameter values. 

In preferred embodiments of the present invention, the method of using the verification 
5 device includes two steps: the "learn" step of recording location information, and the "test" step 
of location confirmation before eveiy use of the tube. These steps will now be explained in 
detail. 

The "learn" step is preferably performed by a professional clinical staff member. After the 
tube is inserted into the patient's body, the staff member preferably confirms that the tube's outlet 
.1 0 is properly located. The confirmation is performed using any confirmation method known in the 
art, such as X-ray imaging, preferably without using the verification device. Alternatively, the 
verification device has a third mode, which allows professionals to determine the location of the 
sensor 

After the location of the outlet is cop.nnried, the verification device brought to an 
1 5 anchor point adjacent to the body, from which the location is to be registered and, a? later simes, 
verified. Once the verification device has been brought to the anchor point, it i.s operated m the 
iearn mode, to register location information for later confirmation. The learn mode preferably 
initiates measurement of the value of the parameter vector Thus, the values of the one or more 
parameters are stored so as to be available for further use by the verification device in the test 
20 mode. 

Preferably, the anchor point is on the patient's body, and is marked for further use, either 
by the clinical staff member or automatically by the verification device The anchor point is 
preferably chosen .such that the relative distance from the anchor point to the outlet of the tube is 
small and constant and does not change substantially when the p.^tsent changes his body 
25 orientation, or due to his breathing. 

Alternatively, the changes in the relative distance due to the patient's breathing are 
avoided, by gating the verification device to operate only at a certain portion of the respiratory 
cycle. In addition, or alternatively, the changes due to the patient's breathing and body 
orientation may be taken into account when defining the allowed range of the one or more 
30 paratneters, by defining a larger range. 

in a fiirther embodiment of the present invention, the verification device makes multiple 
measurements of the parameter vector during a period of time and determines and stores the 
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entire range of the measured values of the parameter vector. Thus, changes in the one or more 
parameters due to the patient's breathing are taken into account, without impeding the accuracy 
of the location confirmation. 

The test step is preferably simple, so that no prior knowledge or experience is needed by 
5 the user. Each time the tube is to be used, the verification device is brought to the anchor point 
and is operated in test mode. The verification device in the test mode measures and compares the 
value of the parameter vector with the stored value and, based on the comparison, repons 
whether the tube's outlet is correctly located or not. If the tube is not properly located, medical 
assistance must be obtained, and the tube must not be used. 

10 In some preferred embodiments of the present invention, it may be necessary to confirm 

the location of more than one object within the patient's body. Similarly, to confirm the proper 
placement and orientation of a long tube, the location of more than one point along the tube may 
be confirmed. In such cases, more than one anchor point may be used, and users activate the 
verification device in both learn and test modes at all the anchor points successively, before the 

1 5 verification device produces a response in this embodiment, the parameter vector has different 
members measured in each of the anchor points 

In some preferred embodiments of the present invention, the verification device is used to 
gate the flow of a fluid through the tube The verification device prevents flow of liquid through 
the tube unless the verification device was operated in the test mode prior to the insertion of the 

2 0 liquid. Preferably, a signal indicating that the tube is in the proper position is passed from the 

verification device to a separate gate box. Alternatively, the tube runs through the verification 
device, which gates the flow. Thus, the verification device can be used in automatic infusion 
procedures. 

In preferred embodiments of the present invention, measurement of the parameter vector 
25 is based on one or more signals transmitted to and/or from the sensor, which is fixed to the tube. 
Such signals could be ultrasound waves, uhrayioiet waves, radio frequency (RF) waves, static or 
rotating electromagnetic fields, laser beams, etc. Preferably, the parameters used have a 
functional relationship with the distance between the verification device and the sensor. 
Alternatively or additionally, the parameters used have a functional relationship with the 

3 0 direction from .the verification device to the sensor. 

in some preferred embodiments of the present invention, the amplitude of an RF wave is 
measured. The verification device includes a measurement unit, which transmits an RF wave 
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towards the sensor, which comprises a passive RF transponder. The sensor reradiates the wave 
back to the measurement unit which senses the amplitude of the reradiated wave. Alternatively 
or additionally, the signal's phase, variance, noise level, propagation time or any other parameter 
of the signal which has a functional relationship with the location of the sensor may be measured. 
5 In one such preferred embodiment, the verification device makes measurements based on 

magnetic field coupling. The transponder preferably comprises three miniature coiis connected in 
series or in parallel, which preferably have mutually linearly independent axes, and are most 
preferably orthogonally aligned with respect to each other. The verification device preferably 
includes a radiation coil, which generates a magnetic field that induces currents within the 
1 0 miniature coils of the sensor. The return effect of the currents induced in the miniature coils on 
the verification device is measured, and the distance from the miniature coiis to the device is 
determined accordingly. 

it is noted that although the present invention is described in relation to surgical tubes, it 
may be used to confirm the location of any object situated within a body, such as screws, staples, 

1 5 electrodes, shunts, buttons etc. 

There is therefore provided in accordance with a preferred embodiment of the present 
invention a method of confirming a iocation of an object inserted into a human body, including; 

measuring, by receiving signals from the object at a first time, a first value of a parameter 
vector which is dependent on the location of the object; and 
20 measuring a second value of the vector by receiving signals from the object at a later 

time, and determining whether the second value is within a predetermined range of the first 
value. 

Preferably, the method includes controlling use of the object responsive to the second 

value. 

2 5 Further preferably, controliing use of the object includes allowing use of the object only 

for a period of predetermined length after measuring the second value and determining that the 
second value is within the predetermined range. 

Preferably, controlling use of the object includes controlling flow of a fluid through a 
medical tube. 

30 Preferably, the method includes notifying a user at the later time whether the second 

value is within the predetermined range. 
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Preferably, notifying a user includes providing a warning to the user when the second 
value is outside tlie range. 

Preferably, the method includes verifying the location of the object before measuring the 
first value. 

Preferably, the body has a respiratory cycle, and measuring at the first and later times 
includes measuring at both times at substantially the same point in the respirator>' cycle 

Preferably, measuring the values of the vector includes measuring a parameter vector 
which is dependent on the location of a medical lube inside the body. 

Preferably, the method includes controlling flow through the medical tube responsive to 
the second value. 

Alternatively or additionally, measuring at the first and later times includes receiving 
signals at a common checking location adjacent to the body 

Preferably, measuring at the first time includes marking the checking location on the 

body. 

Preferably, receiving at the common location includes receiving signals ai a pluraiify of 
checking locations in a predetermined order 

Preferably, measuring at the first time includes marking the plurality of checking 
locations according to the predetermined order. 

Preferably, the parameter vector includes at least one member which has a ftmctional 
relationship with a distance from its respective checking location to the object. 

Preferably, measuring the second value includes receiving signals at one or more 
locations to find a location at which the second value is within the predetermined range 

Preferably, measuring the vector by receiving signals includes measuring a range of 
values of the signals during a period of measurement. 

Alternatively or additionaiiy, measuring the vector by receiving signals includes 
determining low bounds and high bounds of the range of values of the signals. 

Alternatively or additionally, measuring the vector by receiving signals includes sensing a 
propagation time of the signals. 

Alternatively or additionally, measuring the vector by receiving signals includes sensing 
an amplitude of the signals. 

Alternatively or additionally, measuring the vector by receiving signals includes sensing a 
phase of the signals. 
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Alternatively or additionally, measuring the. vector by receiving signals includes sensing a 
variance of the signals. 

Alternatively or additionally, measuring the vector by receiving signals includes sensing a 
noise level of the signals 

5 Preferably, receiving signals includes receiving radio frequency waves 

Alternatively or additionally, receiving signals includes receiving acoustic waves 
Alternatively or additionally, receiving signals includes sensing a magnetic field 
Preferably, sensing the magnetic field includes sensing a gradient of the magnetic field. 
Alternatively or additionally, receiving signals includes sensing an alternating magnetic 

1 0 field. 

Preferably, sensing the magnetic field includes sensing a field of a magnet coupled to the 

object. 

Preferably, sensing a field of a magnet includes sensing a field originanrig from a rotating 
magnet. 

15 Alternatively or additionally, measuring the first and second values includes sensing 

currents induced within a coil. 

Preferably, sensing the currents includes sensing currents induced due to a field 
originating from a coil mounted on the object. 

Preferably, sensing the currents includes sensing currents induced within a coil mounted 
20 on the object. 

Alternatively or additionally, measuring the first and second values includes charging and 
discharging a capacitor responsive to the currents in the coil 

There is further provided in accordance with a preferred embodiment of ihe present 
invention, a verificaiion apparatus, for verifying the locauon of an object in a patient's body, said 
25 apparatus having learn and test modes and including 

a receiver, which receives signals from the object responsive to the location thereof; 

signal analysis circuitry, which derives a parameter vector from the signals; 

a memory, which records a learn value of the parameter vector received from the signal 
analysis circuitry in the learn mode; and 
30 a processor, which receives a test value of the parameter vector from the signal analysis 

circuitry in the test mode and determines whether the test value is within a predetermined range 
of the learn values so as to verify the location of the object. 
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Preferably, the apparatus includes an output, which provides a confirmation signal, 
dependent on whether or not the test value is within the predetermined range. 

Preferably, the apparatus includes a gate, which receives the confirmation signal from the 
processor in the test mode and enables use of the object responsive thereto 

Preferably, the apparatus includes a user interface, which notifies a user of the apparatus 
in the test mode whether the test values are within the predetermined range. 

Preferably, the processor provides a user wiih the values of the parameter vector, for 
verifying that the object is properly positioned before recording the one or more learn values. 

Preferably, tiie parameter vector includes a parameter which is dependent on the distance 
from the apparatus to the object. 

Preferably, the parameter vector includes a parameter which is dependent on the position 
of the object relative to the apparatus. 

Preferably, the predetermined range includes a range indicative of the usability of the 

object. 

Preferably, the apparatus includes at least one electromagnetic field transmitter, for 
inducing currents within a sensor mounted on the object, from which the receiver receives the 
signals. 

Preferably, the receiver includes at least one coil, and the signal analysis circuitry 
measures currents induced within the coil by the sensor. 

Preferably, the at least one receiver coil also serves as the electromagnetic field 
transmitter 

Preferably, the at least one receiver coil includes a plurality of coils. 
Preferably, the plurality of coils includes a plurality of receiver elements, mutually 
spaced, each element including a plurality of mutually orthogonal coils. 

Preferably, the signal analysis circuitry determines a low bound and a high bound of the 

parameter vector. 

Preferably, the signal analysis circuitry iiieasures a propagation time of the signals. 
AJternatively or additionally, the signal analysis circuitry senses an amplitude, a phase, a 
variance or a noise level of the signals 

Preferably, the receiver includes a radio frequency wave receiver. 
AJternatively or additionally, the receiver includes an acoustic wave receiver. 
Alternatively or additionally, the receiver includes a magnetic field sensor. 
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Preferabiy, the magnetic field sensor includes a magnetic field gradient sensor. 

Preferably, a first magnet is coupled to the object, and the apparatus includes a second 
magnet, which initiates a rotation of the first magnet, whose magnetic field is measured by the 
magnetic field sensor 

5 Preferably, the apparatus includes a user-actuated controi, whereby the user initiates 

operation of the apparatus. 

Preferably, the apparatus is actuated responsive to a polling signal 
Preferably, the apparatus includes a respiratory belt which determines a respiratoiy cycle 
of the patient, and the learn and test modes operate at substantially the same stage of the 
1 0 respiratory cycle. 

Preferably, the object includes a medical tube, which is inserted into the patient's body, 
and a position sensor attached to the tube generates the signals that are received by the receiver. 

Alternatively or additionally, the apparatus includes a gating valve, which allows flow 
through the tube when the processor determines that the test values are within the predetermined 
1 5 range of the learn values. 

Aiternativeiy or additionaHy, the apparatus includes an infiision pump which initiates 
verification of the location of the object periodically during the operation of the pump. 

Preferably, the inftision pump initiates the operation of the verification device every time 
a fluid is to be inserted through the tube. 
20 Preferably, the apparatus periodically verifies that the test values are within the 

predetermined range of the learn values, and including an infusion pump which is controlled to 
operate as long as the test values are within the predetermined range. 

There is further provided in accordance with a preferred embodiment of the present 
invention, apparatus for controiiably insening a lluid inso a paiienl's body, including. 
25 a controlled infusion device, which includes: 

a medical tube, for insertion into the patient's body, and 
a position sensor attached to the tube, which generates signals indicative 
of the position of the tube in the body; and 

a gating valve which allows flow through the tube responsive to verification of 
30 the position of the sensor, based on the signals 

Preferably, the position sensor includes a passive transponder 
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Preferably, the position sensor has no wired connection to apparatus outside of the 
patient's body. 

Preferably, the position sensor includes at least one coil, most preferably a single coil 
AJternatively or additionally, the position sensor includes a capacitor coupled to be 

charged through the coil 

Preferably, the position sensor includes a clamping circuit, through which the capacitor is 

discharged 

Alternatively, the position sensor includes at least three coils having mutually linearly 
independent axes. 

Preferably, the at least three coils are connected in series. 

Alternatively, the at least three coils are connected in parallel. 

Preferably, the position sensor includes a magnet. 

Preferably, the position sensor includes a rotating magnet. 

Alternatively or additionally, the position sensor includes an acoustic transponder. 

Preferably, the tube has an outlet in the patient's body and the position sensor is adjacent 
the outlet of the tube 

Preferably, the tube includes an intravenous tube. 

Alternatively or additionally, the tube includes a gastric tube. 

The present invention will be more fully .understood from the following detailed 
description of the preferred embodiments thereof, taken together with the drawings, in which: 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a patient with a feeding tube and a verification device, in 
accordance with a preferred embodiment of the present invention; 

Fig. 2A is a perspective view of a verification device, in accordance with a preferred 
5 embodiment of the present invention; 

Fig. 2B is a schematic block diagram of the components of the versfication device of Fig. 
2.4, in accordance wish a preferred embodiment of the present invention; 

Fig. 3 is a flow chart showing the actions of the device of Fig. 2A in a iearn stage, in 
accordance with a preferred embodiment of the present invention, 
10 Fig 4 is a schematic side view of a sensor and a measurement unit in accordance with a 

preferred embodiment of the present invention; 

Fig. 5A is a flow chart showing the actions of a physician in a learn stage, in accordance 
with a preferred embodiment of the present invention. 

Fig 5B is a flow chart showing the actions of a user in a test stage, in accordance with a 
1 5 preferred embodiment of the present invention. 

Fig 6 is a flow chart showing the actions of the device of Fig. 2A in a test stage, in 
accordance with a preferred embodiment of the present invention. 

Fig 7 is a perspective view of a patient with a feeding tube, in accordance with another 
preferred embodiment of the present invention; 
20 Fig. 8 A is a schematic side view of a sensor and a measurement unit, in accordance with 

another preferred embodiment of the present invention; 

Fig, 8B is a schematic side view of a sensor and a measurement unit, in accordance with 
another preferred embodiment of the present invention; 

Fig. 9 is a schematic side view of a sensor and a ineasurement unit, in accordance with 
25 stili another preferred embodiment of the present invention; 

Fig. 10 is a schematic side view of a sensor and a measurement unit, in accordance with 
yet another preferred embodiment of the present invention; 

Fig. 11 is a schematic side view of a sensor and a measurement unit, in accordance with 
an alternative preferred embodiment of the present invention; 
30 Fig. 12. is a perspective view of a fluid gating system, in accordance with a preferred 

embodiment of the present invention. 
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Fig. 13 is a perspective view iilustrating the use of the device of Fig. 2 A in controlling 
fluid flow, in accordance with another preferred embodiment of the present invention; and 

Fig. 14 illustrates the use of the verification device of Fig. 2 A to follow up on the 
position of an object within a patient, in accordance with a preferred embodiment of the present 
invention 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Fig. 1 shows a patient 20 with a feeding tube 22 mnning through his nose into his 
stomach 24, illustrating a preferred embodiment of the present invention. Tube 22 has an outlet 
26 which is situated within stomach 24. A sensor 28 is fixed to tube 22, near outlet 26. An 
anchor point 30 is chosen and, preferably, marked on the patient's skin. A verification device 32 
is placed against the skin at point 30. Preferably, point 30 is chosen so that its distance from 
stomach 24 is substantially constant, regardless of the patient's rest position. Sensor 28 operates 
in conjunction with verification device 32, as described below, to verily the position of outlet 26. 

Figs, 2A and 2B illustrate vers li cation device 32, in accordance with a preferred 
embodiment of the present invention. Verification device 32 is preferably contained in a pocket- 
size box The device preferably includes a power source 50, to provide power for its operation 
Power source 50 is preferably a low-voltage durable battery, although any power source may be 
used. Preferably, verification device 32 has a guide 46, which facilitates precise placement of 
verification device 32 on anchor point 30 (Fig. ]). Guide 46 preferably comprises a portion 
extending from the box of device 32. which is meant to be placed by a user against anchor point 
30, preferably in a specific orientation, Veritlcatiors device 32 includes a control panel 48, which 
is preferably on a side of the device, opposite guide 45. The control parcel preferably includes a 
learn switch 34, which initiates a learn .stage, and a test switch 36 which initiates a test stage, as 
described below. In addition, panel 48 has a speaker 44 and/or an "OK" display 40 and a 
warning display 42, which notify the user whether the tube is properly located and/or other 
control information. Alternatively, verification device 32 includes LEDs or any other suitable 
indicators for conveying information to the user. 

The learn stage of verification device 32 is used to record information relating to the 
position of tube 22 within the patient's body 20 The test stage is used to confirm that tube 22 
did not move substantially within the patienfs body 20. Preferably, both iearn and test stages are 
carried out by a CPU 54 located within device 32, Other elements of device 32 shown in Fig. 2B 
are described below with reference to methods of operating the device. 
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Fig. 3 is a flow chart of the operations of a learn program in CPU 54, carrying out the 
learn stage, in accordance with a preferred embodiment of the present invention. Preferably, the 
learn program initiates the operation of a measuring unit 60 which measures, as described below, 
one or more control parameters, forming a controi vector, relating to the location of sensor 28 at 
5 tube outlet 26, 

CPU 54 receives measurement results from measuring unit 60, and preferably checks 
them for errors. Such errors could include values beyond a predetermined acceptable range, 
malfunction of the measurement unit, etc. If no errors are detected, the control vector is stored 
in a memory 58. Memory 58 is preferably a small-capacity, non-volatile, read/write memory 

10 chip, as is known in the art. Alternatively, a back-up power supply 52 provides power to 
memory 58, in order to avoid loss of the parameter values stored in the memory in case of 
malfunction of power source 50 

If the one or more parameters are properly measured and stored, an "OK" signal is 
conveyed to the user, preferably by lighting up OK display -^10 on panel 48 However, if the 

15 measurement was not successful, for example, if an illegal value v/as received or a malfunction in 
verification device 32 was found, a warning signal is conveyed to the user, preferably by lighting 
warning display 42 on the panel, and no values are stored. Alternatively or additionally, speaker 
44 is used to signal the user, for example, by sounding an alarm or audio message. 

Fig. 4 shows details of sensor 28 and measuring unit 60, in accordance with a preferred 

20 embodiment of the present invention Sensor 28 preferably comprises three coiis 78 connected in 
parallel or in series and aligned in three orthogonal directions to ensure that sensor 28 will 
respond to a magnetic field transmitted towards it, regardless of the sensor's orientation. Coiis 78 
are preferably miniature coils, as described, for example, in FCT patent application 
PCT/GB93/01736, PCT publication WO94,''04938, PCT publication WO96/05768, or PCT 

2 5 patent application no. PCT/IL97/00009, filed January 8, 1997, which is assigned to the assignee 
of the present application. The disclosures of ail of these PCT documents are incorporated herein 
by reference. In an exemplary embodiment of the present invention, sensor 28 is cylinder shaped 
with a cross section of 1.2mm and length of about 8mm Alternatively or additionally, sensor 28 
comprises one or more coiis printed on a substrate using a photolithographic technique, as is 

30 known in the art, preferably as part of an assembly including two or more such coils, oriented 
substantially orthogonally. 
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in a preferred embodiment of the present invention, tube 22 is insened into the patient's 
body with the guidance of a magnetic field position determining system and sensor 28. The 
position determining system may be, for example, as described in U.S. Patents 5,558,091, 
5,391,199 or 5,443,489, or in international Patent Publication WO 94/04938 or WO 96/05768, 
which are incorporated herein by reference. Use of such a position determining system allows 
precise insertion of tube 22 according to coordinates registered by the position determining 
system. After tube 22 is inserted, sensor 28 is used by verificanon device 32, in order to register 
and confirm the location of tube 22 Thus, sensor 28 is used both for msertion of tube 22 and for 
later location confirmation 

It is noted that position confirmation can also be performed by the position determining 
system. However, due to the simplicity, portability and low cost of verification device 32, a 
home user is preferably given verification device 32 rather than a position determining system. 

Measuring unit 60 comprises at least one radiator coil 70, preferably three such coils. 
When unit 60 is operated, electric currents, preferably AC currents of different frequencies, are 
passed through coiis 70, inducing respective magnetic fields in their proximity. Alternatively or 
additionally, the currents are p?.s.sed through coils 70 consecuEively, with a suitable delay from 
one coil to the next. Respective currents are induced in coils 78 of sensor 28 due to magnetic 
coupling with coils 70. The amplitudes of the induced currents are generally inversely 
proportional to the cube of the distance between the measuring unit and the sensor. The induced 
currents in coils 78 induce counter-currents in coils 70. which are also a function of the distance 
between unit 60 and sensor 28. The amplitudes of the counter-currents in coils 70 are measured, 
and their values preferably form the vector, which is a function of the distance 72 between 
measuring unit 60 and sensor 28, Preferably, the magnetic coupling allows confinriation of the 
position of sensor 28 over a range of at least fifteen ccinimejers, and with a resolution no less 
than Haifa centimetei- in the iocation of the tube. 

Preferably, sensor 28 further includes electronic circuitry 69. for example, oscillator 
circuitrv', coupled to sensor coils 78. Circuitry 69 receives the induced currents from coiis 78, 
and responsive to these currents, generates signals in coils 78 which are received by measuring 
unit 60. Circuitry 69 may comprise active circuit elements, which receive operating power from 
unit 60 via coils 78, in a manner similar to that used in contactless smart cards, as is known in the 
art. Preferably, circuitry 69 provides delay between the induction of currents in sensor 28 and the 
induction of counter-currents in measuring unit 60. The delay allows unit 60 to measure the 
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counter-currents in coils 70 without the interference of the inducing currents. Alternatively, 
measuring unit 60 measures the amplitude difference of the current flowing in coils 70 caused by 
the signal induced by sensor 28. 

Circuitry 69 may further include a resonant circuit, which responds to a specific 
5 frequency, such as 40 kHz. Unit 60 transmits the specific frequency and measures the resonance 
signal generated by circuitry 69, 

Fig. 5 A illustrates actions of a physician or another member of a ciinical staff, in the learn 
stage of operation of device 32, in accordance with a preferred embodiment of the present 
invention. After insertion of tube 22, the physician preferably confirms that the tube is in the 

1 0 patient's stomach, using any method known in the art, such as X-ray imaging or magnetic field 
position determination. In a further embodiment of the present invention, verification device 32 
has an additional, location-finding mode of operation, in which a professional can locate outlet 
26. In this mode, verification device 32 reports the parameter values from unit 60 directly to the 
professional user, and does not simply provide a verification signai. According to a few 

1 5 measurements of the parameters, made in diflerent bcations, the professional user can detect the 
outlet of the tube and confirm that it is in its correct iocalioii The iocation-fifuiing mode couSd 
work as described, for example, in U.S. Patent 5,099,845, U.S. Patent 5,425,382, or in U.S. 
Patent 4,905,698, which are incorporated herein by reference. 

If the physician determines, on the basis of imaging or of measurements in the location- 

20 finding mode, that tube 22 is not in its correct position, the physician brings the tube into its 
correct position, for example, by removing the tube and reinserting it into the patient 

After the correct location of outlet 26 is confirmed, the learn stage is performed, 
preferably by the physician. In the learr. stage, verification device 32 is brought to anchor point 
30 in a fixed orientation, preferably, such that guide 46 {see Fig, 2.A,) is situated on anchor point 

25 30 {see Fig. !). Learn switch 34 is then operated, and a signal is received from verification 
device 32. Preferably, learn switch 34 is operated while the location of the tube is visually 
authenticated as being correct, for example, while the patient is being X-rayed 

If a warning signal is received from device 32, the physician preferably finds the problem 
and corrects it, for example, by choosing a new anchor point or by replacing tube 22. Learn 

30 switch 34 is operated again until an OK signai is received When the OK signal is received, 
anchor point 30 is preferably marked permanently on the patient's body, in order to simplify 
returning verification device 32 to anchor point 30 
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Preferably, verification device 32 includes a iearn disable swijch 38, having two states. In 
a first state, switch 38 disables learn switch 34 so that the iearn program of CPU 54 is not 
operated inadvertently by the patient. In a second state, used during the iearn stage, switch 34 is 
allowed to operate normally. Alternatively, the verification device comprises two parts: a test 
part which is given to the home user and a learn part which is connected to the test part only for 
use by clinical staff members. 

Preferably, after completion of the test stage, disable switch 38 is moved to the disable 
state. Verification device 32 is given lo the patient or a home-care helper for routine location 
confirmation before each time the patient is to be fed. 

Fig, 5B illustrates the actions of a home user or patient to confirm the position of the 
tube's outlet 26 before the patient is fed. Every time a feeding solution is to be passed through 
tube 22, verification device 32 is brought to anchor point 30 in the fixed orientation which was 
used in the learn stage. Test switch 36 is then operated, to confirm that tube 22 is properly 
positioned. Only if device 32 gives the "OK" signal, as described below, is the patient fed 

Fig. 6 is a flow chart of the operations of a test program in CPU 54, carrying out the test 
stage, in accordance with a preferred embodimenE of the present invention Preferabiy, CPU 54 
initiates the operation of measurement unit 60, which acquires a vector of test measurements. 
The test time vector from unit 60 is compared to the vector stored ui memor>- 58 to determine 
whether the test vector is within an allowed range of the values stored in memory 58. If the test 
vector is within the predetermined range of the stored vector, an OK signal is generated and 
conveyed to the user. However, if one or more of the test values arc not within the 
predetermined range of the stored vector, a warning signal is generated and conveyed to the 
user. The predetermined range of values is defined such that verification device 32 will generate 
the OK signal if outlet 26 is within a predefined distance range of its original location. 
Preferably, the predefined range is between 0,5 and 5 cm, most preferabiy between 0,3 and 2 cm, 
although other ranges may be defined according to specific appiications of the verification 
device. Alternatively or additionally, the range may be adjusted by a physician or other user 
according to the specific application. 

Accordingly, as shown in Fig. 5B. if the OK signal is received, nutritional fluid is 
administered to the patient through tube 22. However, if the warning signal is received, the user 
calls for professional assistance. 
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Alternatively, as shown in Fig. 7, the one or sriore parameters making up the vector may 
be measured and compared from more than one point. This provides more accuracy to the 
measurement and/or allows location verification of more than one object. Also, measuring from 
more than one point allows better canceling out of movements of the patient 
5 Preferably, after the position of the tube's outlet 26 is coatlrmed, as described above, 

several points 30, preferably three points, are marked on the patient's body 20 Preferably, points 
30 are marked such that their order clearly identified. For example, a digit 68 may be marked 
next to each point 30 identifying the order. In the learn stage, verification device 32 is brought to 
points 30 in numerical order. At each of points 30, learn switch 34 is operated and verification 

10 device 32 registers the one or more parameters associated with the point. The parameters from 
all three points together form the vector stored in memory 58. 

Every time tube 22 is to be used, the test stage is carried out The user brings verification 
device 32 to points 30, in the same order as in the learn stage At each of the three points, the 
user operates test switch 36. in order to register the parartieters of the vector. Preferably, after 

1 5 test swatch 36 is operated at all three points, a signal is generated reporting whether the tube is in 
its correct location Preferably, verification device 32 notifies user if test switch 36 was not 
operated at all three points Alternatively or additionally, verification device 32 acknowledges 
the operation of test switch 36 and preferably notifies how many times the switch was operated 
in the current test stage. 

20 Fig 8A illustrates details of measurement unit 60 and sensor 28, in accordance with 

another preferred embodiment of the present invention I .lnit 60 conH>rises an activating coil 74, 
for inducing currents within sensor 28, and a plurahty of separate receiving elements 76. 
Preferably, unit 60 inciude.s three elements 76 at different locatiorss within device 32, each 
element preferably comprising three orthogonal coils 78, arranged to sense magnetic lields 

25 generated by sensor 28. Using elements 76 having three orthogonal coils ensures that fields 
generated by sensor 28 are received by at least one of the coils of each element 76. regardless of 
the relative orientation between element 76 and sensor 28. Thus, sensor 28 may include only one 
coil 78, occupying minimal space and having low complexity. The use of the plurality of 
elements 76 improves the accuracy of unit 60 and in some preferred embodiments, allows unit 60 

30 to determine the location of tube 22 in the location-fmding mode. 

Sensor 28 comprises a single coil 78 and a capacitor 73, connected in series with a diode 
79. Preferably, a current clamping circuit 77. as is known in the art, is connected in parallel with 
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the capacitor. Preferably, sensor 28 comprises a flexible printed circuit and/or is produced by 
VLSI methods. Thus, sensor 28 may be very small and is easily mounted on or inserted in tubes 
and other medical tools inserted into patients. 

When unit 60 is operated, a current pulse is passed through activating coil 74, so as to 
generate a magnetic field in the vicinity of sensor 28. The current generated in coil 78 in 
response to the field charges capacitor 73 through diode 79. After the termination of the current 
pulse, capacitor 73 discharges through clamping circuit 77 and coil 78, thus generating a 
magnetic field, which is detected by e!err:enis 76. 

Preferably, capacitor 73 has large enough capacitance, for example, 0, 1 uF, to store a 
substantial charge, and is charged to a voltage at least equal to a predetermined reference 
voltage, for example, 1.3V, when unit 60 is in sufficient proximity to sensor 28, During 
discharge of the capacitor, clamp circuit 77 operates as a constant current source, so that the 
current through coil 78 is constant for a period after deactivation of activating coil 74. During 
this period, unit 60 measures the currents through elements 76 and determines accordingly, at 
least one parameter associated with the location of sensor 28 on tube 22. Preferably, the at least 
one parameter is used to determine t.he position of the sensor, using algorithms known in the art, 
as described, for example, in PCT Patent Publication WO 94/04938. 

Fig SB illustrates another alternative preferred embodiment of the present invention, in 
which the measurement of a parameter vector is based on the amplitude of a radio frequency 
(RF) signal received by sensor 28. In this embodiment, unit 60 preferably comprises an RF 
transmitter 80 and an RF receiver 82 and a modulator/demodulator 83 connected thereto. 
Alternatively, a single transducer may serve as both transmitter and receiver. Sensor 28 
preferably comprises an RF transmitter/receiver 84 and an A.'D circuit 86 which, converts the RF 
energy to digital form. Calculating circuitry 88 within sensor 28 measures the amplitude of the 
signal and calculates a distance 89 between sensor 28 and device 32, based thereon. Distance S9 
and/or another property of the RF signal are then transmitted by transmitter/receiver 84 to 
device 32, preferably in the form of a digital signal, which records the distance or property in the 
parameter vector. 

Fig. 9 shows details of measuring unit 60 and sensor 28, in accordance with another 
preferred embodiment of the present invention. In this embodiment, measuring unit 60 comprises 
one or more transducers 92 of ultrasonic waves. One of transducers 92 transmits an acoustic 
wave 94 when the operation of unit 60 is initiated. Sensor 28 preferably comprises a miniature 
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passive transponder 98, as is known in the art, which reflects wave 94 back towards unit 60 One 
of transducers 92 receives wave 94 and registers its asripiitude and/or propagation time for use as 
a parameter indicative of the location of outlet 26 Alternatively or additionally, a noise level or 
variance of wave 94 are used as parameters 
5 If wave 94 is no! incident on transponder 98, it will not be reflected back toward 

transducers 92 and a signal to this effect wii! be generated by unit 60, It is noted, however, that 
wave 94 spreads as it propagates and thus covers an area 96. Therefore, sHghl iatera! moveinents 
of the sensor or of device 32 will not substantially affect the measurement by unit 60. Thus, unit 
60 provides an approximate measure of the sensor's location, with sufficient accuracy to warn of 

10 substantial changes in the location of tube 22, Due to the spread of wave 94, the wave's 
amplitude decreases as a function of distance during propagation. Therefore, the amplitude of 
the received wave is dependent on the distance between outlet 26 and verification device 32. and 
is appropriate for use as a parameter in the control vector. 

Fig, 10 illustrates details of sensor 28 and mea.siinng unit 60, in accordance wi-h another 

15 preferred embodiment of the present irivention. In this esnbodiment, sen,sor 28 comprises a 
magnet 110, which generates a static magnetic field Measuring unit 60 comprises a 
magnetometer 1 1 2, which measures the amplitude of the magnetic field in its proximity. The 
amplitude of the magnetic field at meter 1 12, is dependent on the distance between magnet 1 10 
and meter 1 12. Preferably, magnetometer 1 12 comprises one or more flux-gate toroidal sensors, 

20 as described, for example, in U.S. Patent 5,425,382. 

Fig 1 1 illustrates details of measurement unit 60 in accordance with a further preferred 
embodiment of the present invention. Sensor 28 comprises a rotatable magnet 120, which rotates 
in response to an external rotating magnet 124 located outside of the patient, preferably within 
verification device 32, When measurement unit 60 is operated, external ntagnet 124 is rotated, 

25 causing magnet 120 to rotate due to coupling of its magnetic fseld with tiie rotating field of 
magnet 124. When magnet 120 rotates, it creates a magnetic AC field, which is sensed by 
measuring unit 60. Preferably, measuring unit 60 includes at least two magnetometer detectors 
126, which determine one or more parameters of the magnetic field. Preferably, unit 60 
distinguishes between the field of magnet 120 and that of magnet 124 by detecting the change in 

30 the overall magnetic field between the magnetometers. Alternatively, the magnetic field of 
magnet 120 is measured only after magnet 124 stops rotating. In a preferred embodiment of the 
present invention, the magnetometer detectors determine the angular position of the magnet. 
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relative io verification device 32. Magnetometer detectors !26 are preferably as described in 
U.S. Patent 5,002,137, which is incorporated herein by reference, but may aiso be of other types 
known in the art. It is noted that measurements acquired using a magnetic AC field are generally 
more accurate than measurements acquired using DC magnetic fields. 
5 In some preferred embodiments of the present invention, the parameter vector is formed 

of a plurality of different parameters, measured using different methods. Such a vector enhances 
the accuracy of the verification devjce, Ever>' time the measurement unit is operated, all the 
parameters of the vector are preferabiy measured 

Fig. 12 shows a fluid control vaive 140, in accordance with a preferred embodiment of 

10 the present invention Preferabiy, verification device 32 includes a socket 62. through which 
device 32 passes the verification signals it generates, preferably in addition to displaying them to 
the user, as described above Valve 140 is preferably situated on tube 22 and is operationally 
connected to the verification device, preferably through controi wires connected to a plug 142 
inserted into socket 62 Valve 140 prevents flow through tube 22. unless an OK signal is 

15 generated by verification device 32, in which case valve 140 allows flow through tube 22 for a 
predetermined period, of a length SLifficietn for feedmg the palieni. Thus, feeding solution will 
not be allowed to pass through tube 22 if there is a suspicion that tube outlet 26 is not properly 
positioned in the patient's stomach, or if the position of tube 22 was not confirmed prior to 
attempting insertion of the feeding solution 

20 Fig. 13 shows patient 20 with an automatic infusion system 160, in accordance with 

another preferred embodiment of the present invention. An infusion tube 162 runs through an 
infusion pump 164 into patient 20. The outlet 166 of infusion tube 162 is preferably positioned in 
the superior vena-cava of patient 20. 

Verification device 32 is fixed at anchor point 3D on patient 20, at a substantially constant 

25 distance from the superior vena cava, regardless of the patiem^s rest position. Preferably, 
verification device 32 is fixed to the center of the chest of patiens 20, over the vena cava. 
Alternatively, device 32 may be fixed at another point, for example, near the patient's shoulder 

After a physician confirms that tube 162 is in the superior vena cava, the physician 
activates the learn switch to operate the learn stage, as described above Preferably, after an OK 

30 signal is received, the physician disables learn switch 34 using disabling switch 38 Alternatively, 
learn switch 34 is automatically disabled responsive to the OK signal. 
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Infusion pump 164 monitors the amount of medicine entering the vena cava of patient 20, 
as is known in the art. In accordance with a preferred embodiment of the present invention, 
verification device 32 is in communication with infusion pump 164, so that while the infusion is 
operating, infusion pump 164 periodically passes a polling signal to verification device 32 

5 requesting the operation of the test progran!. Verification device 32 makes a test measuremerst of 
the parameter vector and generates a response signal, which is returned to infusion pump 164. If 
an OK signal is received by infusion pump 164, the infusion is allowed to flow into the patient. 
However, if a warning signal is received, operation of pump 164 is interrupted, and a nurse is 
called, for example, by sounding an alarm either by infijsion pump 1 64 or by verification device 
10 32. 

Alternatively, verification device 32 may operate automatically, continuously or 

intermittently, independent of infusion pump 164. As long as verification device 32 generates 
OK signals, infusion pump 164 is allowed to operate independently However, if a warning 
signal is generated, the operation of pump 164 is disabled and a nurse !s caiied. 

15 In a preferred embodiment of the presem invention a respiratory belt 180 gates the 

operation of device 32. Accordingly, when infosion pump 164 requests the operation of device 
32, the operation of device 32 is delayed until the patient is in a predetermined portion of the 
respiratory cycle. Signals from respiratory belt 180 are preferably passed to the verification 
device through socket 64, so as to disable unit 60 during a portion of the respiratory cycle, 

20 allowing measurement of the one or more parameters only during a predetermined, desired 
portion of the respiratory cycle, so that the effect of respiration on the measurement is 
substantially neutralized. 

Alternatively or additionally, the breathing of the patient is conripen.sated for by having 
unit 60 repeatedly measure the one or more parameters over a period of multiple breaths, 

25 preferably in both the learn mode and, later, the test mode CPU 54 stores in memory 58 the 
maximum and minimum values of the one or more parameters during the period 

Afterwards, the test program of CPU 54 compares the maximum and minimum values 
received by unit 60 in the test mode, to the stored values. If the maximum and minimum values 
at the later time are within a predetermined range of the stored maximum and minimum values, 

30 the OK signal is generated. Thus, the effects of the patient's breathing are taken into account 
without reducing the accuracy of verification by device 32. 
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Fig. 14 illustrates the use of verification device 32 to follow up on or track the position 
of an object, such as a Murphy button 200, within patient 20, in accordance with another 
preferred embodiment of the present invention. In order to track the location of Murphy button 
200, the patient is given a verification device 32. First, device 32 is brought to a point 202 
marked on the patient's skin above the location of the Murphy button 200 and is operated in the 
learrt mode. 

At later tirr:es, according to instasctions from the physician, the patient brings verification 
device 32 to the area of the Murphy button and operates the test switch. If a warning signal is 
received, verification device 32 is moved slightly and the test switch is operated again. This 
procedure continues until an OK signal is received. Preferably, a point 204 at which verification 
device 32 is located when the OK signal is received is marked on the skin, preferably along with 
the date and time the OK signal was received This procedure is repeated intermittently, and thus 
a map is formed of the progress of the Murphy button. A physician can thus follow up on the 
movement of the Murphy button without having to repeatedly examine and/or X-ray the patient 
to register the position of the button. 

It will be appreciated that the preferred embodiments described above are cited by way of 
example, and the full scope of the preseni invention is limited only by the claims. 
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1. A method of confirming a location of an object inserted into a human body, comprising; 

measuring, by receiving signals from the object at a fsrst time, a first value of a parameter 
vector which is dependent on the location of the object; and 

5 measuring a second value of the vector by receiving signals frorr. the object at a later 

time, and determining whether the second vahie is within a predetermined range of the first 
value. 

2. A method as in claim I, and comprising controlling use of the object responsive to the second 
value, 

10 3. A method as in claim 2, wherein controlling use of the object cornprises aliowing use of the 
object only for a period of predetermined lengtii after measuring else second value and 
determining that the second value is within the predetermined range. 

4. A method as in claim 3, wherein controlling use of the object comprises controlling flow of a 
fluid through a medical tube. 

15 5. A method as in any of the preceding claims, and comprising notifying a user at the later time 
whether the second value is within the predetermined range 

6. A method as in claim .5, wherein notifying a user comprises providing a warning to the user 
when the second value is outside the range 

7. A method as in any of claims 1-4, and comprising verifying the location of the object before 
2 0 measuring the first value 

8. A method as in any of claims 1-4, wherein ihe body has a respiratory cycle, and wherein 
measuring at the first and later times comprises measuring at both times at substantially the same 
point in the respiratory cycle. 

9 A method as in any of claims 1-4, wherein measuring the values of the vector comprises 
25 measuring a parameter vector which is dependent on the location of a medical tube inside the 

body. 

10. A method as in claim 9. and comprising controlling flow through the medical tube responsive 
to the second value. 
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11. A method as in claim I, wherein measuring at the first and later times coinprises receiving 
signals at a common checking location adjacent to the body. 

12. A method as in claim 1 1, wherein measuring at the first time comprises marking the checking 
location on the body. 

13. A method as in ctaim 11, wherein receiving at the common location comprises receiving 
signals at a plurality of checking locations in a predetermined order. 

14. A method as in claim 13, wherein measuring at the first time comprises marking the plurality 
of checking locations according to the predetermined order. 

15. A method as in any of claims 11 -14. wherein the parameter vector comprises at least one 
member which has a functional relationship with a distance from its respective checking location 
to the object 

16. A method as in any of claims !-4, wherein measuring the second value comprises receiving 
signals at one or more locations to find a location at which the second value is within the 
predetermined range. 

17. A method as in any of claims 1-4, wherein measuring the vector by receiving signals 
comprises measuring a range of values of the signals during a period of measurement. 

18. A method as in claim 17, wherein measuring the vector by receiving signals comprises 
determining low bounds and high bounds of the range of values of the signals 

19. A method as in any of claims 1-4 wherein measuring the vector by receiving signals 
comprises sensing a propagation time of the signals. 

20. A method as in any of claims 1-4, wherein measuring the vector by receiving signals 
comprises sensing an amplitude of the signals. 

21. A method as in any of claims 1-4, wherein measuring the vector by receiving signals 
comprises sensing a phase of the signals, 

22. A method as in any of claims 1-4, wherein measuring the vector by receiving signals 
comprises sensing a variance of the signals. 

23. A method as in any of claims 1-4, wherein measuring the vector by receiving signals 
comprise.s sensing a noise level of the signals. 
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24. A method as in any of c!aims i-4. wherein receiving signals comprises receiving radio 
frequency waves. 

25. A method as in any of claims 1-4, wherein receiving signals comprises receiving acoustic 

waves. 

5 26, A method as in any of claims i -4, wherein receiving signals comprises sensing a magnetic 
field 

27. A method as in claim 26, wherein sensing the magnetic field comprises sensing a gradient of 
the magnetic field. 

28. A method as in claim 26. wherein receiving signals comprises sensing an alternating magnetic 
10 field. 

29. A method as in claim 26, wherein sensing the magnetic field comprises sensing a field of a 
magnet coupled to the object. 

30. A method as in claim 29, wherein sensing a field of a magnet comprises sensing a field 

originating from a rotating magnet. 

15 31, A method as in any of claims 1-4, wherein measuring the first and second values comprises 
sensing currents induced within a coil. 

32. A method as in claim 31, wherein sensing the currents comprises sensing currents induced 
due to a field originating from a coil mounted on the object 

33. A method as in claim 31, wiierein sensing the currents comprises sensing currents induced 
2 0 within a coil mounted on the object 

34. A method as in claim 31, wherein measuring the first and second values comprises charging 
and discharging a capacitor responsive to the currents in the coil 

35. Verification apparatus, for verifying the location of an object in a patient's body, said 
apparatus having learn and test modes and comprising: 

25 a receiver, which receives signals from the object responsive to the location thereof; 

signal analysis circuitry, which derives a parameter vector from the signals; 
a memojy, which records a learn value of the parameter vector received from the signal 
analysis circuitn,' in the learn mode; and 
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a processor, which receives a test value of the parameter vector from the signal analysis 
circuitn' in the test mode and determines whether the test value is within a predetermined range 
of the learn values so as to verify the socation of the object 

36. Apparatus as in claim 35, and comprising an output, which provides a confirmation signal, 
dependent on whether or not the test value is within the predetermined range 

37. Apparatus as in claim 36, and comprising a gate, which receives the confirmation signal from 
the processor in the test mode and enables use of the object responsive thereto. 

38. Apparatus as in claim 35, and comprising a user interface, which notifies a user of the 
apparatus in the test mode whether the test values are within the predetermined range. 

39. Apparatus as in claim 35, wherein the processor provides a user with the values of the 
parameter vector, for verifying that the object is properly positioned before recording the one or 
more learn values. 

40. Apparaius as in claim 3.5, wherein the parameter vector comprises a parameter which is 
dependent on the distance from the apparatus to the object. 

41. Apparatus as in claim 35, wherein the parameter vector comprises a parameter which is 

dependent on the position of the object relative to the apparatus. 

42. Apparatus as in claim 35, wherein the predetermined range comprises a range indicative of 
the usability of the object 

43. Apparatus as in any of claims 35-42, and comprising at least one eiectromagnetic field 
transmitter, for inducing currents within a sensor mounted on the object, from which the receiver 
receives the signals. 

44. Apparatus as in claim 43, wherein the receiver comprises at least one coil, and wherein the 
signal analysis circuitry measures currents induced within the coil by the sensor. 

45. Apparatus as in claim 44, wherein the at least one receiver coil also serves as the 
eiectromagnetic field transmitter. 

46. Apparatus as in ciaitn 44, wherein the at ieast one receiver coil comprises a plurality of 

coils. 

47 Apparatus as in claim 46, wherein the plurality of coils comprises a plurality of receiver 
elements, mutually spaced, each element comprising a plurality of mutually orthogonal coils. 
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48. Apparatus as in claim 35, wherein the signal analysis circuitry determines a low bound and a 
high bound of the parameter vector 

49 Apparatus as in claim 35, wherein the signal analysis circuitry measures a propagation time 
of the signals. 

5 50. Apparatus as in claim 35, wherein the signal analysis circuitr,' senses an amplitude of the 

signals. 

51. Apparatus as in claim 35, wherein the signal analysis circuitry senses a phase of the signals. 

52. Apparatus as in claim 35, wherein the signal analysis circuitry senses a variance of the 

signals. 

10 53 Apparatus as in claim 35. wherein the signal analysis cireuiiry senses a noise level of the 
signal. 

54 Apparatus as in any of claims 48-53, wherein the receiver comprises a radio frequency wave 
receiver. 

55. Apparatus as in any of claims 48-53, wherein the receiver comprises an acoustic wave 
1 5 receiver. 

56. Apparatus as in any of claims 48-53. wherein the receiver comprises a magnetic field sensor. 

57. Apparatus as in claim 56, wherein the magnetic field sensor comprises a magnetic field 
gradient sensor. 

58. Apparatus as in claim 57, wherein a first magnet is coupled to the object, and wherein the 
2 0 apparatus comprises a second magnet, which initiates a rotation of the first magnet, whose 

magnetic field is measured by the magnetic field sensor 

59. Apparatus as in claim 35, and comprising a user-actuated control, whereby the user initiates 
operation of the apparatus 

60. Apparatus as in claim 35, wherein the apparatus is actuated responsive to a polling signal. 

25 61. Apparatus as in claim 35, and comprising a respiratory belt which deterrriines a respiratory 
cycle of the patient, wherein the learn and test modes operate ai substantially the same stage of 
the respiratory cycle. 
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62. Apparatus as in ciasm 35, wherein the object comprises a ETiedicai tube, which is inserted into 
the patient's body, and wherein a position sensor attached to the tube generates the signals that 
are received by the receiver 

63. Apparatus as in claim 62, and comprising a gating vaive, which allows flow through the tube 
when the processor determines that the test values are within the predetermined range of the 
learn values, 

64. Apparatus as in claim 62 or claim 63, and comprising an infusion pump which initiates 

verification of the location of the object periodically during the operation of the pump. 

65. Apparatus as in claim 64. wherein the infusion pump initiates the operation of the verification 
device every time a fluid is to be insened through the tube. 

66. Apparatus as in claim 62 or claim 63, wherein the apparatus periodicaily verifies that the test 
values are within the predetermined range of the learn values, and comprising an infusion pump 
which is controlled to operate as long as the test values are within the predetermined range. 

67. Apparatus for controilably inserting a fluid into a patient's body, comprising: 

a controlled infusion device, which comprises: 

a medical tube, for insenion into the patient's body, and 

a position sensor attached to the tube, which generates signals indicative of the 
position of the tube in the body; and 

a gating valve which allows flow through the tube responsive to verification of the 
position of the sensor, based on the signals 

68. Apparatus as in claim 62 or claim 67. wherein the position sensor comprises a passive 
transponder 

69. Apparatus as in claim 68, wherein the position sensor has no wired connection to apparatus 
outside of the patient's body 

70. Apparatus as in claim 69, wherein the position sensor comprises at least one coil. 

71. Apparatus as in claim 70. wherein the position sensor comprises a single coil, 

72. Apparatus as in claim 70, wherein the position sensor comprises a capacitor coupled to be 
charged through the coil 
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73, Apparatus as in claim 72, wherein the position sensor comprises a clamping circuit, through 
which the capacitor is discharged 

74. Apparatus as in ciaim 70. v/herein the position sensor comprises at least three coils having 
mutually linearly independent axes. 

5 75. Apparatus as in claim 74, wherein the at least three coils are connected in series. 

76. Apparatus as in claim 74, wherein the at ieast three coils are connected in parallel. 

77. Apparatus as in claim 68, wherein the position sensor comprises a magnet. 

78. Apparatus as in claim 77, wherein the position sensor comprises a rotating magnet 

79. Apparatus as in claim 68, wherein the position sensor comprises an acoustic transponder. 

1 0 80. Apparatus as in claim 62 or claim 67, wherein the tube has an outlet in the patient's body and 
the position sensor is adjacent the outlet of the tube. 

81. Apparatus as in claim 62 or claim 67, wherein the tube comprises an intravenous tube. 

82. Apparatus as in claim 62 or claim 67, wherein the tube comprises a gastric tube. 
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